Nine patients (39.1%) experienced systemic side effects, of which three patients (13.0%) were unable to continue therapy. Conclusion: Mineralocorticoid antagonist treatment had a positive treatment effect in half of our patients. The decrease in CMT and MV was much less in the recalcitrant group compared to the treatment-naïve group. An improvement in vision was seen only in the treatment-naïve group. Systemic side effects, even at low doses, may limit its usage in some patients.
Introduction
Central serous chorioretinopathy (CSCR) typically causes transitory central vision loss in young adult men, with an incidence of approximately one per 10,000.
1,2 It usually causes serous neurosensory detachment of the macula associated with leakage at the level of the retinal pigment epithelium. Analyses of enhanced depth imaging optical coherence tomography (EDI-OCT) images in patients with CSCR have demonstrated diffuse choroidal thickening, which suggests that the pathogenesis of the disease may involve choroidal vascular stress on the retinal pigment epithelium. [3] [4] [5] Indocyanine green angiography demonstrates choroidal vascular hyperpermeability in affected and contralateral eyes.
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Chin et al CSCR has been associated with exogenous use of corticosteroids (eg, oral, intravenous, inhaled, intranasal, intramuscular, and topical routes) as well as increased endogenous levels (eg, hypercortisolism, type A personality, pregnancy, and stressful life events). [8] [9] [10] [11] [12] Corticosteroids include cortisol and aldosterone, as well as their agonists (ie, glucocorticoid and mineralocorticoids, respectively), which are synthesized from cholesterol in the adrenal cortex. Glucocorticoids bind to both the glucocorticoid receptor and the mineralocorticoid receptor. The mineralocorticoid receptor has similar high affinity for aldosterone and glucocorticoids that largely prevail in the plasma. [13] [14] [15] Prior experiments in rodents by Zhao et al 14 suggested that intravitreal injection of high dose glucocorticoids induces choroidal vessel dilation and leakage. Interestingly, the same effect was elicited using aldosterone, a specific mineralocorticoid receptor activator. Mineralocorticoid receptor antagonists reversed this effect, and thus it has been hypothesized that CSCR may result from excessive occupancy of mineralocorticoid receptors by glucocorticoids. 15 Two mineralocorticoid-specific receptor antagonists are commercially available and US Food and Drug Administration (FDA)-approved for various systemic diseases. The first, spironolactone (Aldactone ® , Pfizer, Inc., New York, NY, USA) is commonly used for treating hyperaldosteronism, hypertension, and congestive heart failure. While effective, it may cause unwanted progestational and antiandrogenic side effects, manifested as gynecomastia, abnormal menstrual cycles, and impotence, which may limit its use. The second, eplerenone (Inspra ® , Pfizer, Inc.), is similar except that the 17α-thoacetyl group of spironolactone is replaced with a carbomethoxy group, resulting in lower affinity for other steroid receptors (such as those for progesterone and androgen), which may improve tolerability or specificity. 16 In vitro receptor-binding studies have revealed that eplerenone has an affinity for the aldosterone receptor that is approximately 10-to 20-fold less than spironolactone; however, both compounds show similar efficacy in blocking the aldosterone-mediated changes in urinary Na:K ratio in rats and humans. 16 In this report, we evaluated the effect of both these mineralocorticoid antagonists in patients with CSCR as well as the frequency of their side effects.
Patients and methods
We first used mineralocorticoid antagonists for the treatment of CSCR in January 2012. We therefore conducted a consecutive retrospective observational case series in patients who were diagnosed with CSCR between January 1, 2012 and September 1, 2014 at our institution. Prior to data collection, the study received University of Iowa institutional review approval. All investigations of this study adhered to the tenets of the Declaration of Helsinki. A comparison between treatment-naïve patients and those previously treated for a prior exacerbation of CSCR (deemed "recalcitrant") was made. The washout period was defined as the time (months) between prior alternative treatment and initiation of oral mineralocorticoid antagonists. Only patients treated with oral mineralocorticoid antagonists (eplerenone and/or spironolactone) were included, and a minimum of 1 month of mineralocorticoid antagonist treatment was required. Patients who were lost to follow-up or who had comorbid macular disease were excluded. Patients who did not have imaging using the same OCT device at follow-up were also excluded. A review of the patients' past medical history, past ocular history, medications, ophthalmologic examination, fundus photos, fundus fluorescein angiograms (when available), and OCT imaging were reviewed to exclude known conditions, such as renal failure, pregnancy, uncontrolled idiopathic systemic hypertension, or other causes of macular disease, that may have caused serous detachments. The patient tolerability of the oral mineralocorticoid therapy was evaluated based on history and documentation available throughout treatment.
The central macular thickness (CMT) and macular volume (MV) were determined by the Spectralis ® Heidelberg OCT. All images were reviewed to ensure that the segmentation software was accurate and of adequate quality. The change associated with therapy was defined as the difference in measurement at the start of therapy minus either treatment cessation or most recent follow-up while on therapy at the time of analysis. Negligible change was defined as a difference of zero, or when one value (ie, CMT or MV) was positive and the other was negative. The best-corrected visual acuity (BCVA, Snellen), average duration of treatment (months), treatment dosage (mg), tolerable and intolerable systemic side effects, and prior treatment failures were reviewed. In cases of bilateral disease, only the more severe eye was included as the study eye for statistical analysis. Results of age, follow-up, and duration of treatment are given as mean ± standard deviation.
Results
A total of 120 patients were diagnosed with CSCR between January 1, 2012 and September 1, 2014, of which 29 patients were treated with oral mineralocorticoid antagonists. Three patients were excluded because they were lost to follow-up Clinical Ophthalmology 2015:9 submit your manuscript | www.dovepress.com
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Oral mineralocorticoid antagonists for recalcitrant CsCr or were seen by their local referring ophthalmologist. Two patients were excluded because OCT measurements done at initial presentation were with a device other than the Spectralis ® Heidelberg machine (Heidelberg Engineering, Carlsbad, CA, USA). One patient was excluded because of an alternative diagnosis of idiopathic polypoidal choroidal vasculopathy.
The demographics of the 23 patients who met our inclusion criterion are summarized in Table 1 . Prior treatment failures are outlined in Table 1 , and the average washout period for the recalcitrant group was 15.3 months. The average duration of treatment of oral mineralocorticoid antagonists was 3.9±2.3 months (range, 1-8.5 months). Treatment dose for both eplerenone and spironolactone ranged from 25 to 50 mg twice-daily. The BCVA and OCT findings (ie, CMT and MV) for all patients at the start of therapy and at final follow-up can be found in Table 2 . In the treatment-naïve group, the median BCVA at baseline was 20/30 and at final follow-up was 20/20. In the recalcitrant group, the median BCVA at baseline was 20/30 and at final follow-up was 20/45.
A detailed analysis of the change (Δ, final -initial) in CMT and MV for all patients can be found in Table 3 . There was a modest decrease in the mean CMT and MV in all groups, although it was greatest in the group treated with only spironolactone. Twelve patients (52.2%) had a decrease in both CMT and MV measurements, six patients (26.1%) had an increase in both, and five patients (21.7%) had negligible changes. For the entire group of treated patients, there was a mean decrease of 42.4 μm in CMT and 0.20 mm 3 in MV. Those patients who were treatment-naïve for CSCR are indicated by an asterisk in Table 3 ; the mean decrease in CMT in this group was 100.7 μm and the mean decrease in MV was 0.6 mm 3 . Among the recalcitrant group, 
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Chin et al Patients who had no prior treatment for CsCr (ie, treatment-naïve). green denotes positive decrease in both CMT and MV, yellow denotes equivocal with negligible change in CMT and/or MV, red denotes increase in both CMT and MV. Abbreviations: CMT, central macular thickness; MV, macular volume; e, eplerenone; s, spironolactone; es, eplerenone, followed by spironolactone; sD, standard deviation; CsCr, central serous chorioretinopathy.
the mean decrease in CMT was only 16.9 μm, and the mean change in MV was 0.0 mm 3 . Figures 1 and 2 demonstrate two patients who had a positive and negligible response to treatment, respectively. The patient tolerability of the oral mineralocorticoid therapy can be found in Table 4 . None of these were organ or life threatening; however, two patients on eplerenone and two patients on spironolactone required cessation of treatment due to systemic side effects. Any patient-concern or side effect(s) that required drug cessation was declared "intolerable", whereas those that did not require drug cessation was "tolerable".
Discussion
Oral mineralocorticoid antagonists have been proposed as a treatment for CSCR. In our cohort, we found an average decrease in CMT of only 42 μm at an average follow-up of 3.9 months. We found that approximately half of our patients responded positively to treatment based on both CMT and MV from the Spectralis ® Heidelberg OCT as shown in Figures 1 and 2 . More specifically, those patients who were treatment-naïve had a much greater decrease in CMT compared to the group of patients that were recalcitrant to other therapies. Given that seven patients (30.4%) had bilateral disease, and 16 patients (69.6%) had prior treatment failures at our tertiary care center, our cohort represents recalcitrant cases of CSCR that may be unresponsive to other therapies.
Our results are comparable to a prospective nonrandomized pilot study by Bousquet et al 17 in France, which administered eplerenone 25 mg daily for 1 week, followed by twice-daily dosing (or 50 mg per day) for 1 or 3 months. Their study included 13 patients, of whom nine had prior steroid usage, one had hypertension, and only one patient had congenital kidney anomalies. In contrast to our cohort, patients with prior treatment with photodynamic therapy or anti-vascular endothelial growth factor (VEGF) therapy were excluded from the Bousquet et al study. 17 They found a greater improvement in visual acuity and reduction in CMT and subretinal fluid (SRF), most likely because their population did not include recalcitrant cases of CSCR. Specifically, the mean CMT in their study decreased from 352 μm at baseline to 246 and 189 μm at 1 and 3 months, respectively, while on oral eplerenone 50 mg Clinical Ophthalmology 2015:9 submit your manuscript | www.dovepress.com
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Oral mineralocorticoid antagonists for recalcitrant CsCr per day. In our cohort, the subset of patients who responded positively (ie, a decrease in both CMT and MV) had an average decrease in CMT of 110 μm; however, the mean CMT at the start of therapy was only 295 μm in this group, which may have limited the potential decrease in CMT. Our study is also distinct in that spironolactone was used and evaluated as an alternative mineralocorticoid antagonist, which has a 10-to 20-fold greater binding affinity in comparison to eplerenone. 16 For both agents, we advanced the dosage as tolerated, typically with a starting dose of 25 mg twice-daily and up to 50 mg twice-daily. Despite prior reports, 15,17,18 our patients had both tolerable and intolerable side effects seen with both eplerenone and spironolactone (Table 4) . Although there is a difference in selectivity for the mineralocorticoid receptor and mechanisms outlined previously, we found no significant difference in tolerability between eplerenone and spironolactone. One patient had intolerable cough that was seen only while on Clinical Ophthalmology 2015:9 submit your manuscript | www.dovepress.com
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Chin et al Our study has limitations, including its retrospective nature, small sample size, absence of choroidal thickness measurements via EDI-OCT, and lack of a control group. Our study did not distinguish acute versus chronic disease; however, prior treatment failures with various oral and invasive modalities (such as laser and injections) allude to the chronic and recurrent nature that this cohort represents. For some patients, either a lower dose of one drug may have been used, or the alternative mineralocorticoid antagonist may have not been trialed. We discourage labeling patients as either complete "success" or "failures" of this therapy, as potentially higher doses could have been attempted. Additionally, a dry fovea center (and therefore negligible change in CMT) may not necessarily reflect the positive response to therapy that is best represented by MV in cases of multifocal or eccentric areas of SRF (Figure 1 ). It is important to look at both the CMT and MV together because the former may correspond to a patient's visual acuity, whereas the latter may more accurately reflect the total response to this novel treatment.
In summary, both spironolactone and eplerenone may be efficacious in reducing SRF and MV in some patients with CSCR. Although spontaneous resolution or regression may occur in presumed "acute" CSCR, 19 it is possible that mineralocorticoid antagonists may show more rapid resolution of SRF, or serve as a prophylactic or adjuvant for recurrent or chronic disease. Since half of our patient responded positively to treatment, perhaps CSCR is a multifactorial disease in which mineralocorticoid receptors play an important part in some but not all patients. A majority of the patients in this study were recalcitrant to other treatments, and the change in CMT and MV was far less than those who were treatmentnaïve. In these difficult patients, the drugs rarely achieved the ultimate goal of improving vision or completely resolving subfoveal SRF. Taking into account that the drugs are well tolerated, however, they should be considered as a potential first-line treatment. Further prospective, randomized control studies should be designed to determine the optimal dose and duration of treatment with these agents.
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